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 This paper presents a design method to determine the optimum topology of the 2-D elastic
plane structures in static problems by making use of coordinate transformation.We suppose a
basic structure with a simple geometry.Then we apply the finite element analysis and
calculate optimum thicknesses of the finite elements to minimize objective function of the
elastic strain energy.We use then a coordinate transformation by interpolation function
with remaining the obtained optimum thicknesses and to have an approximated optimum
topology for the structure with an arbitrary shape.Alternatively,we determine directly the
optimum topology of corresponding arbitrary complex model to be compared with.We also
showed a method to determine the similarity qualitatively between optimum topologies using
fuzzy reasoning.In some numerical examples,the effectiveness and the avialability of the
proposed method are comfirmed.
Satoshi KITAYAMA and Hiroshi YAMAKAWA
A Study on Optimum Topology Using Coordinate Transformation




Key Words : Optimum topology,Coordinate transformaion,Reasoning,









































































































( )1,2, ,L Ui i i
M C





ここで ( )M t は構造物の総質量, C はある一定値であり
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Fig.1 Coordinate Transformation on Morphology
Table 1 Optimum topology design problem
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Fig.3 Flow of proposed method
Calculation of optimum topology in basic
design domain(Basic optimum topology)
Coordinate transformation using interpolation
function with remaining the optimum thickness
(Transformed optimum topology)
Definition of basic design domain
Fig.2 Transformation from noralized coordinate to
arbitrary coordinate
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ここに ,L Ui it t は板厚の下限値と上限値で, ,a bi it t は主観的
に設定した閾値である.本研究においては最適位相を
板厚の分布で表すので,式(6)に示す ,a bi it t は板厚値であ
る.また,式(6)の右側の値は,例えばある要素における





































Fig.4 Optimum topology in basic design domain
 obtained by rough mesh and fine mesh
Fig.5 Rough meshing optimum topology
　obtained by fine mesh
a
Fig.6 Membership function obtained by
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Fig.9 Basic design domain
Fig.10 Model for Analysis
[ ]1000 N [ ]1000 N [ ]1000 N
  (a) (b) (c)













Fig.11 Optimum topology in basic design domain













し式(6)に示す ,a bi it t の値を 0.30, 0.65
a b
















































Fig.12 Membership function obtained
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Table 3 Reference of similarity
1.25 1.254.49 4.49 24.424.7
1.24 1.233.98 15.1 15.1
1.38 1.364.11 4.1013.2 13.1

















Table 5 Comparisons of optimum topologies
(a)Coordinate transformed
topology from optimum to-
pology in basic design do-
main
(b)Optimum topology obtained di-
rectly in the same design do-























topology from optimum to-
pology in basic design do-
main
(b)Optimum topology obtained di-
rectly in the same design do-
main after coordinate transfor-
mation
TotalBoundary
1.18 6.38 6.391.1726.0 26.0
7.76 7.752.692.71 32.5 31.0
3.63 3.378.36 8.3420.0 18.0



























T D T D
◎ ◎ ◎ ◎












































topology from optimum to-
pology in basic design do-
main
(b)Optimum topology obtained di-
rectly in the same design do-




0.82 0.81 6.25 26.16.25 26.5
2.17 2.10 7.50 21.37.53 22.0
2.562.61 7.75 25.07.90 26.0
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